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Gastrointestinal (GI) cancers are known to have a high incidence worldwide and require an early diagnosis to
successfully treat them, providing higher survival rates and better quality of life for the patients. MicroRNA-27a is
a well-known oncogene that plays a signiﬁcant role in various GI cancers. It is known to upregulate the expression
of numerous oncogenes leading to cancer progression. The miR-27a harbors two polymorphisms rs895819 and
rs11671784 which alter the disease susceptibility by interfering with the maturation and expression of miR-27a.
In the current study, we aimed to investigate the role played by these polymorphisms in cancers of the GI tract.
We conducted a case-control study with 210 GI cancer cases and 210 cancer-free controls to analyze the effect of
these polymorphisms. The rs895819 polymorphism was genotyped using PCR-RFLP, and rs11671784 was genotyped on a MassARRAY platform. The association analysis failed to bring out any signiﬁcant association of the
polymorphisms with GI cancer risk. However, genotype-phenotype interaction analysis revealed that the
rs895819 was found to increase the risk GI cancers along with the presence of risk factors such as socioeconomic
status, diabetes mellitus, hypertension, alcohol consumption, and tobacco chewing.

1. Introduction
Cancers of the alimentary canal are collectively called as gastrointestinal (GI) cancers and makeup to 23% of deaths caused by cancer
worldwide. Although GI cancers are highly curable, they are very challenging due to late diagnosis, incorrect staging, and insensitivity to
treatment. The year 2018 has seen a rise in cancer burden to 18.1 million
new cases and 9.6 million cancer deaths. Among the common cancers,
Colorectal cancer (CRC) was the second most mortal and third most
incident cancer and gastric cancer (GC) was the ﬁfth most common
cancer diagnosed [1, 2]. The more prevalent cancers of the GI tract such
as gastric, colorectal and esophageal cancers have also ranked top positions in terms of incidence and mortality in the Indian sub-continent [3].

MicroRNAs (miRNAs) are tiny non-coding RNA molecules which
manage the expression of several thousand genes by binding to the 3’
UTR region of mRNAs [4]. They are well known for their unique roles in
regulating cellular processes such as embryonic development, proliferation, differentiation, apoptosis, immunity, and inﬂammation. Their association with several inﬂammatory diseases, autoimmune diseases, and
cancers are also vastly reported. MicroRNAs are involved in different
aspects of cancers, including tumorigenesis, prognosis, metastasis, diagnosis, and therapeutics [5]. Based on the prevailing conditions, MicroRNAs perform dual roles as oncogenes and tumor suppressors. Single
nucleotide polymorphisms (SNPs) in these novel molecules have been
found to affect cancer risk, serve as markers for susceptibility and predictors of disease outcome and treatment response [6].
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region of residence, past medical history, and family medical history
using questionnaires. The identity of all the participants was preserved
throughout the study.

MiR-27a belongs to the miR-23a/27a/24-2 cluster and has its
genomic location at chromosome 19p13.12 [7]. MiR-27a has been
known to control genes involved in cell proliferation, apoptosis, differentiation, and cell cycle regulation. Numerous research ﬁndings have
acknowledged miR-27a as a critical oncogene in gastric cancer [8, 9],
breast cancer [10], cervical cancer [11], ovarian cancer [12] and renal
cell carcinoma [13]. Mir-27a also regulates multidrug resistance and
resistance to chemotherapy.
The pre microRNA region of miR-27a is known to consist of two
polymorphism rs895819 and rs11671784 at positions 40 and 36 relative
to the ﬁrst nucleotide, respectively [14]. These two SNPs are known to
have paradoxical effects on the expression of miR-27a. The rs895819
A/G polymorphism was the ﬁrst to be identiﬁed and analyzed. Studies
revealed that the mutant genotypes increased the production of mature
miR-27a when compared to the ancestral allele and suppressed the
expression of its targets signiﬁcantly [15]. The SNP has been found to
adversely alter the susceptibility to several cancers such as breast cancer,
gastric cancer, colorectal cancer, esophageal cancer, lung cancer renal
cancer, cervical cancer, liver cancer, prostate cancer and nasopharyngeal
cancer [16].
The second SNP rs11671784 present just four nucleotides away from
rs895819 is a G to A polymorphism. Unlike its neighbor, the SNP does not
affect the maturation of miR-27a but is said to lower the expression levels
of the mature miR-27a. The SNP has been linked to decreased susceptibility to gastric cancer and prevented lymphatic invasion [17, 18]. All of
these ﬁndings support that miR-27a is a potential oncogene, and its
oncogenicity might be altered by the presence of the two polymorphism,
and they might be effective markers for cancer susceptibility. However,
the existing studies are limited to Caucasian and Asian (Chinese) populations, which brings the question of consistency of these ﬁndings with
other ethnicities. In this study, we have attempted to screen the two
miR-27a polymorphisms in subjects from the Indian subcontinent and
assess its value as an indicator for GI cancer risk using a case-control
study.

2.3. DNA isolation and SNP genotyping
Genomic DNA was isolated from the whole blood by employing the
standard Phenol-Chloroform method [19].

2.4. Genotyping of rs895819 using PCR RFLP
The pre miRNA region of miR-27a gene, which contains the rs895819
polymorphism was ampliﬁed using primers as described earlier [15]. The
182 bp amplicon was viewed on a 2 % agarose gel to conﬁrm successful
ampliﬁcation. The amplicons were further digested using AdeI restriction
enzyme procured from Thermo Fisher Scientiﬁc at 37 C overnight. The
digested products were resolved on a 2.5 % agarose gel. A single undigested band of size 182 bp represented the GG genotype, while AA genotype was viewed as 155 bp and 27 bp fragments and the AG genotype
was observed as 182 bp, 155 bp, and 27 bp fragments. Genotyping was
repeated thrice for 10 % of the samples by two different people for
consistency and reproducibility.

2.5. Genotyping of rs11671784 using mass ARRAY
The rs11671784 was genotyped using MassARRAY from Agena
Bioscience Inc, San Diego, CA, USA which implies the Matrix Assisted
Laser Desorption/Ionisation-Time Of Flight methodology (MALDI-TOF)
[20]. This technique is based on PCR ampliﬁcation of the genomic region
consisting of the SNP followed by a single base extension reaction to
discriminate the alleles using Iplex Gold technique. The end products are
ﬁnally analyzed using a mass spectrophotometer.
The PCR primers and extension primers were designed using the
assay design software provided by Agena Biosciences. The PCR ampliﬁcation and iPLEX reactions were carried out using Verity 96 PCR thermal
cycler following manufacture instructions. The ampliﬁed products were
spotted onto a SpectroCHIP® bio-array using Nanodispensor -RS1000
and subsequently analyzed with an MA4 mass spectrometer. The alleles
are distinguished based on the difference in the mass of the nucleotides.
The results were viewed as cluster plots and spectrograms using MassArray Typer 4.0 software.

2. Materials and methods
2.1. Study population
The study was commenced after obtaining ethical clearance from the
Institutional Ethics Committee of Sri Ramachandra Institute of Higher
Education and Research (Deemed to be University) IEC-NI/13/APR/33/
39. A total of 420 subjects; 210 cases and 210 controls were recruited for
the study with strict adherence to the declaration of Helsinki and ICMR
ethical guidelines for biomedical research.
The subjects were recruited based on convenience sampling from
December 2013 to June 2016. The GI cancer patients who were received
at the pathology department of Sri Ramachandra Medical Centre for biopsy were identiﬁed and recruited after obtaining their informed consent. The GI cancer cases were included after histopathologic diagnosis,
and those with secondary tumors were excluded. The controls were
recruited from the master health check-up unit of Sri Ramachandra
Medical Centre. Subjects with a personal or family history of cancer,
autoimmune disorders and other chronic disorders such as epilepsy,
asthma were excluded from the study. Such information was obtained by
interviewing the patients and conﬁrming the same from the physician's
notes.

2.6. Statistical analysis
The concordance of genotype frequencies with Hardy – Weinberg
Equilibrium (HWE) was calculated using the chi-square test. The association of the genotypes and alleles with GI cancer was done by calculating the odds ratio with 95% CI through Binary logistic regression. The
crude odds ratio was adjusted for covariates using multinomial regression Student's t-test was done to analyze the continuous variables. Univariate Binary Logistic regression was done to check the association of
demographic parameters of cases and controls with disease outcome.
Association between the tumour characteristics and genotypes was
determined by Pearson Chi-square test. The statistical tests were done
using SPSS v21.0. Haplotype analysis was done by SNP stats online tool
[21]. The interaction between the SNPs and demographic parameters
were tested using Multifactor dimensionality reduction (MDR) analysis
using MDR software v3.2. MDR analysis can detect gene-gene and
gene-environment interactions in data sets which have SNP and environmental data represented as categorical variables. This method is
employed to comprehensively detect nonlinear interactions by
combining attribute selection, attribute construction, cross-validation
and permutation testing [22].

2.2. Sample and data collection
Around 3 mL of the leftover venous blood, collected for routine
clinical investigations was received from the central laboratory of Sri
Ramachandra Medical Centre after obtaining proper consent from the
subjects.
Clinical data of the subjects were retrieved from the medical records;
the subjects were interviewed for information about smoking status, diet,
2
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Case P ¼ 0.061) polymorphisms. The minor allele frequency of
rs11671784 was found to be as low as 0.02 in the controls; the AA genotype was absent in the control group, whereas a single AA genotype
was recorded in the case group. The genotype, allele frequencies, HWE P
values have been presented in Table 2.
The association results of rs895819 and rs11671784 are given in
Tables 3 and 4 respectively. Due to the presence of a zero cell in
rs11671784 genotype data, the association tests for speciﬁc models were
undeﬁned even after zero cell correction. The crude ORs were adjusted
for age, sex and associated covariates such as diabetes mellitus, region
and diet. There was no remarkable association of both the polymorphisms with GI cancers and the subgroups. Haplotype analysis
revealed four combinations, but none of them affected the disease risk
signiﬁcantly. The allele frequencies from control populations of various
ethnicities as described in HapMap-dbSNP database were compared to
frequencies obtained from our study as in Figure 1.
The frequencies obtained from the current study were concordant
with the American population for rs895819 and with European population for rs11671784. The MDR analysis results are given in Table 5. A
highly signiﬁcant model was observed that included rs895819 and risk
factors such as age, region, socioeconomic status, diabetes mellitus, hypertension, alcohol consumption, tobacco chewing, suggesting an
increased risk for GI cancers. Whereas, the rs11671784 did not display
any interaction and was not included in the MDR results output. The chisquare test performed to check the association of histology and cellular
differentiation of tumors with the two polymorphism did not reveal any
signiﬁcant outcomes Table 6.

3. Results
There was no signiﬁcant difference in age between the cases and
controls (cases: 56.8  12.38 & controls: 55.01  11.24) and had the
same ratio of males and females. The demographic and clinical features
about both the groups are listed in Table 1. Diabetes mellitus (P ¼
0.002), region (P ¼ 0.015) and diet (P ¼ 0.031) was found to be
associated with GI cancer. The cases were sub-grouped based on the type
of GI cancers. The four subgroups were gastric cancer (GC), colorectal
cancer (CRC), esophageal cancer (EC) and others, which contained 82,
84, 24, and 19 cases, respectively. The subgroup ‘others’ consisted of
cancers of the periampullary region and small intestine. They were
grouped due to their small numbers. The mean age for the subgroups was
calculated, and it was found that the GC group had the highest mean age
of 60.9  12.41 years followed by CRC (55.94  12.43 years), EC (53.54
 12.38 years) and others (52.21  12.26 years).
The histologic and cellular differentiation of GI cancers were
retrieved from the medical records. It was observed that the majority of
the GI cancers were adenocarcinomas (76 %) whereas papillary adenocarcinoma was the least common histologic type consisting of only one
case. About 66 % of the tumors were moderately differentiated, whereas
well-differentiated tumors were the least common grade, holding 6 % of
the cases.
The genotype and allele frequencies were similar among both the
groups for the two polymorphisms rs895819 and rs11671784. Both the
cases and controls were in concordance with HWE for both rs895819
(Controls P¼0.06; Cases P ¼ 0.63) and rs11671784 (Control P ¼ 0.796;

Table 1. Demographic and Clinical Parameters of Gastrointestinal Cancer Patients and Cancer free controls.
Characteristics

Cases, N (%)

Controls, N (%)

OR (CI)

P Value

Agey

56.8  12.38

55.01  11.24

-

0.122*

Male

137 (65)

131 (62)

1.132 (0.76–1.69)

0.542

Female

73 (35)

79 (38)

1 (reference)

Gender

Region
Urban

124 (59)

148 (71)

1.66 (1.11–2.48

Rural

86 (41)

62 (30)

1 (reference)

Class I

6 (3)

18 (9)

1 (reference)

Class II

106 (49)

91 (43)

0.67 (0.16–2.75)

0.575

Class III

93 (44)

92 (44)

2.33 (0.77–7.065)

1.35

Class IV

5 (2)

9 (4)

2.044 (0.67–6.21)

2.08

0.015

Socio-Economic Status

Co morbidities
No diabetes

162 (77)

138 (66)

1 (reference)

Diabetes

42 (20)

72 (34)

2.012 (1.29–3.14)

missing data

6

0

No Hypertension

165 (79)

174 (83)

1 (reference)

Hypertension

45 (21)

30 (14)

1.58 (0.95–2.63)

missing data

0

6

-

0.002

0.077

Substance
Non Smokers

158 (75)

164 (78)

1 (reference)

Smokers

38 (18)

46 (22)

1.17 (0.72–1.89)

missing data

14

0

Non Drinkers

143 (68)

153 (73)

1 (reference)

Drinkers

52 (25)

57 (27)

1.03 (0.67–1.59)

missing data

15

0

-

0.532

0.914

Diet
Mixed

193 (92)

180 (72)

1 (reference)

Vegetarian

17 (8)

30 (14)

2.02 (1.07–3.83)

y
*

Mean  SD.
P value obtained from t-test, Bold values are signiﬁcant.
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Table 2. Frequency distribution, minor allele frequency and Hardy Weinberg equilibrium P values of rs895819 and rs11671784.
Group

rs895819

rs11671784

Genotypes N (%)

Alleles N (%)

2

MAF

HWE χ (P value)

Genotypes N (%)

Alleles N (%)

MAF

HWE χ2 (P value)

AA

AG

GG

A

G

GG

GA

AA

G

A

59

114

31

232

176

0.43

3.48 (0.06)

183

7

0

373

7

0.02

0.07 (0.796)

63

102

36

228

174

0.43

0.23 (0.634)

172

10

1

354

12

0.03

3.51 (0.061)

Gastric cancer

24

44

15

92

74

0.45

0.44 (0.507)

68

2

1

138

4

0.03

16.7 (0.000)

Colorectal cancer

27

31

17

85

65

0.43

1.88 (0.170)

66

6

0

144

6

0.04

0.14 (0.712)

Oesophageal cancer

6

14

3

40

20

0.44

1.31 (0.253)

22

1

0

45

1

0.02

0.01 (0.915)

Others

5

14

1

24

16

0.4

4.20 (0.040)

17

1

0

35

1

0.03

0.06 (0.904)

Controls
Cases
GI cancer cases
Subgroups

HWE, Hardy Weinberg Equilibrium, MAF, minor allele frequency.

Table 3. Association of rs895819 with GI cancer and subgroups.
Name of Cancer

Genotypes & Alleles

Crude OR (95%CI)

GI cancer

AA

1 (Reference)

GC

CRC

EC

Others

a

a

Adjusted ORa (95%CI)

P Value

Pa Value

1 (Reference)

Adjusted ORb(95% CI)

Pb Value

1 (Reference)

AG

0.84 (0.54–1.31)

0.435

1.10 (0.69–1.76)

0.857

1.15 (0.73–1.82)

0.55

GG

1.12 (0.62–2.05)

0.703

0.72 (0.38–1.36)

0.311

0.86 (0.45–1.62)

0.629

Dominant

0.89 (0.58–1.39)

0.595

1 (0.64–1.57)

0.996

1.07 (0.69–1.66)

0.77

Recessive

0.821 (0.49–1.39)

0.463

1.43 (0.85–2.49)

0.202

1.21 (0.71–2.07)

0.494

A

1 (Reference)

G

1.00 (0.76–1.32)

0.991

0.91 (0.68–1.22)

0.519

0.98 (0.73–1.31)

AA

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

0.886

1 (Reference)

AG

0.91 (0.50–1.64)

0.743

1.13 (0.58–2.21)

0.722

0.90 (0.49–1.65)

0.736

GG

1.23 (0.56–2.68)

0.604

2.31 (0.9–5.90)

0.082

1.24 (0.53–2.86)

0.622

Dominant

0.91 (0.55–1.7)

0.906

1.31 (0.69–2.48)

0.411

0.97 (0.55–1.73)

0.926

Recessive

0.79 (0.40–1.55)

0.492

0.51 (0.23–1.07)

0.075

0.784 (0.39–1.57)

0.491

A

1 (Reference)

G

1.05 (0.73–1.52)

0.794

0.74 (0.49–1.12)

0.154

0.948 (0.65–1.38)

AA

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

0.78

1 (Reference)

AG

0.63 (0.35–1.15)

0.133

1.43 (0.77–2.64)

0.254

1.44 (0.77–2.67)

0.251

GG

1.24 (0.59–2.62)

0.576

0.66 (0.30–1.47)

0.306

0.641 (0.29–1.42)

0.641

Dominant

0.75 (0.43–1.32)

0.32

1.17 (0.66–2.08)

0.593

1.17 (0.66–2.09)

0.593

Recessive

0.63 (0.33–1.22)

0.174

1.83 (0.92–3.65)

0.84

1.70 (0.86–3.33)

0.126

A

1 (Reference)

G

1.01 (0.7–1.47)

AA

1 (Reference)

1 (Reference)
0.955

0.897 (0.61–1.32)

1 (Reference)
0.582

1 (Reference)

0.91 (0.62–1.34)

0.649

1 (Reference)

AG

1.29 (0.37–2.91)

0.613

0.74 (0.27–2.03)

0.56

0.88 (0.32–2.45)

0.805

GG

0.98 (0.23–4.21)

0.982

0.96 (0.21–4.4)

0.961

1.04 (0.23–4.72)

0.956

Dominant

1.22 (0.46–3.23)

0.688

0.77 (0.29–2.05)

0.595

0.93 (0.34–2.5)

0.882

Recessive

0.726 (0.35–4.46)

0.726

0.896 (0.25–3.23)

0.785

0.84 (0.23–3.06)

0.835

A

1 (Reference)

G

1.02 (0.56–1.87)

0.947

0.925 (0.50–1.70)

0.801

1.02 (0.54–1.91)

AA

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

0.951

1 (Reference)

AG

1.04 (0.37–2.91)

0.948

0.981 (0.35–2.78)

0.972

1.07 (0.37–3.09)

0.904

GG

0.33 (0.31–0.33)

0.312

3.39 (0.37–31.6)

0.282

2.91 (0.33–25.9)

0.339

Dominant

0.88 (0.32–2.43)

0.807

1.13 (0.40–3.17)

0.816

1.23 (0.43–3.53)

0.698

Recessive

3.23 (0.42–25.05)

0.236

0.323 (.0.4–2.55)

0.283

0.36 (0.45–2.85)

0.332

A

1 (Reference)

G

0.77 (0.39–1.52)

0.447

1.29 (0.64–2.59)

0.474

1.32 (0.64–2.72)

b

1 (Reference)

1 (Reference)
0.451

b

OR , P , adjusted for age and sex, OR , P , adjusted for Diabetes mellitus, Diet and Region, GI, Gastrointestinal, GC, gastric cancer, EC, esophageal cancer.

sandwiched between miR-23a and miR-24-2 [7]. Apart from being an
active oncogene, it also mediates cellular differentiation and promotes
cell proliferation. The miR-27a gene is known to house two polymorphisms rs895819 and rs11671784 present four nucleotides apart
from each other. These polymorphisms are believed to act

4. Discussion
MiR-27a is widely appreciated for its oncogenic role in several cancers such as gastric cancer, ovarian cancer, cervical cancer, and many
more. It belongs to the miR-23~a27~a24-2 cluster and is present
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Table 4. Association of rs11671784 with GI cancer and subgroups.
Name of Cancer

Genotypes & Alleles

Crude OR (95%CI)

GI cancer

GG

1 (Reference)

GC

CRC

EC

Others

Adjusted ORa (95%CI)

P Value

Pa Value

1 (Reference)

Adjusted ORb(95% CI)

Pb Value

1 (Reference)

AG

1.52 (0.57–4.08)

0.406

0.57 (0.20–1.60)

0.287

0.730 (0.26–2.03)

0.547

Dominant

1.67 (0.63–4.41)

0.299

0.521 (0.19–1.43)

0.206

0.629 (0.23–1.72)

0.366

G

1 (Reference)

A

1.66 (0.64–4.32)

0.303

0.53 (0.21–1.43)

0.21

0.63 (0.24–1.71)

GG

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

0.369

1 (Reference)

AG

0.792 (0.16–3.91)

0.775

1.33 (0.19–9.37)

0.775

1.21 (0.24–6.23)

0.817

Dominant

1.19 (0.31–4.68)

0.8

0.76 (0.15–3.90)

0.739

0.79 (0.18–3.14)

0.704

G

1 (Reference)

A

1.19 (0.30–4.68)

0.8

0.75 (0.15–3.80)

0.731

0.75 (0.18–3.08)

GG

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

0.369

1 (Reference)

AG

2.34 (0.76–7.21)

0.139

0.36 (0.11–1.14)

0.82

0.44 (0.14–1.40)

0.165

Dominant

2.34 (0.76–7.22)

0.139

0.36 (0.11–1.14)

0.82

0.44 (0.14–1.40)

0.165

G

1 (Reference)

A

2.28 (0.75–6.9)

0.144

0.37 (0.12–1.15)

0.86

0.45 (0.15–1.41)

GG

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

0.172

1 (Reference)

AG

1.29 (0.48–3.51)

0.613

0.74 (0.27–2.03)

0.56

0.88 (0.32–2.45)

0.805

Dominant

1.22 (0.46–3.23)

0.688

0.77 (0.29–2.05)

0.56

0.88 (0.32–2.45)

0.805

G

1 (Reference)

A

1.18 (0.14–9.85)

0.876

0.71 (0.83–1.1)

0.751

0.79 (0.85–7.22)

GG

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

0.831

1 (Reference)

AG

1.54 (0.18–13.25)

0.695

0.69 (0.08–6.1)

0.742

0.60 (0.61–5.94)

0.665

Dominant

1.54 (0.18–13.25)

0.695

0.69 (0.08–6.1)

0.742

0.60 (0.61–5.94)

0.665

G

1 (Reference)

A

1.52 (0.18–12.73)

1 (Reference)
0.698

0.70 (0.08–5.96)

1 (Reference)
0.745

0.69 (0.08–5.63)

0.711

ORa, Pa, adjusted for age and sex, ORb, Pb, adjusted for Diabetes mellitus, Diet and Region, GI, Gastrointestinal, GC, gastric cancer, EC, esophageal cancer.

Figure 1. Comparison of allele frequencies of the polymorphisms A.rs895819 & B.rs11671784 among the various global populations and the current
study population.

Table 5. Multifactor dimensionality reduction analysis for the interaction models between SNPs and clinical parameters using cross-validation consistency and prediction error.
Models

Balanced accuracy CV training

Balanced accuracy CV consistency

CV consistency

P Value

Group, DK

0.6606

0.6405

10/10

<0.0001*

rs895819, Group, S, R, SES, DM, DK

0.8865

0.5395

10/10

<0.0001*

rs895819, Group, S, R, SES, DM, HT, DK

0.915

0.5624

10/10

<0.0001*

rs895819, Group, S, R, SES, DM, HT, DK, TC

0.9275

0.5761

10/10

<0.0001*

S, Sex; R, Region; SES, Socioeconomic status; DM, Diabetes mellitus; HT, Hypertension, DK, Drinking, TC, Tobacco chewing, CV, Cross-validation.
*
Signiﬁcant P values.
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Table 6. Association between Genotypes and Tumour characteristics.
Polymorphism

Tumour characteristics

χ2

P Value

rs895819

Histology

8.701

0.561

Cell differentiation

1.581

0.812

Histology

6.332

0.787

Cell differentiation

8.338

0.08

rs11671784

2

2

χ for histology was calculated with df ¼ 10, χ for cell differentiation was calculated with df ¼ 4.

low minor allele frequencies observed and the difﬁculty in genotyping it
alongside rs896819 using basic techniques [33]. Yang and his group
identiﬁed that the rs11671784 decreased the risk of gastric cancer by
interfering with the maturation of miR-27a and upregulating the
expression of Homeobox A10 (HOXA10) gene which is an important
transcription factor controlling various cellular pathways [18]. Song et al.
also gave similar results showing that the A allele was associated with
reduced gastric cancer risk and lymphatic invasion. The rs11671784 also
increased susceptibility and chemosensitivity in bladder cancer by
upregulating expression of Runt-related transcription factor 1 gene
(RUNX 1) an essential regulator of cancer progression pathways [34].
Contrastingly, in a study from a Chinese population, the rs11671784 was
not associated with gastric risk and moreover there was only one heterozygous genotype present in the study population [35]. In our study,
we observed the same fashion, the minor allele frequency was 0.02, and
there was only one AA genotype present, and it belonged to the case
group.
We also conducted an MDR analysis to look for genotype-phenotype
interactions, which could increase or alter the susceptibility of GI cancers. Parameters such as age, sex, region, socioeconomic status, diabetes
mellitus, hypertension, smoking, alcohol consumption, and tobacco
chewing were employed for the analysis. MDR is a statistical software
which is used to detect the genotype and phenotype combinations which
will increase the disease risk [36]. It uses mathematical models to give a
various combination of the parameters and gives the best models based
on the cross-validation (CV) values. The higher the CV value, the lower
the error rate, so generally the CV values of 9/10 and 10/10 are
considered effective. From our analysis, we obtained four models with
signiﬁcant CV and p values. The analysis showed that factors such as sex,
region, socioeconomic status, diabetes mellitus, hypertension, drinking
alcohol, and tobacco chewing, along with the presence of rs895819
increased the risk of GI cancers. Socioeconomic status has been
acknowledged as an essential attributing factor for the increased incidence of GI cancers. The socioeconomic status greatly inﬂuences the
availability of medical care, nutritious food and disease awareness
resulting in a higher prevalence of cancers in people belonging to class 2
and class 3 which was also evident in the present study [37]. Alcohol and
tobacco chewing are also well-known risk factors for cancer initiation
and progression in GI cancers, and our results were also concordant with
these ﬁndings. Diabetes mellitus has been linked to increased risk of
hepatocellular carcinomas and colorectal cancers, and the MDR analysis
also revealed similar results in our study [38]. It is important to note that
the analysis did not favor the presence of rs11671784 for GI cancer risk.
This shows that rs895819 can alter GI cancer risk, and rs11671784 may
not have a similar role. This is concordant with the ﬁndings of Song and
group, which published that both the polymorphisms inversely affect
gastric cancer risk [17].
The impact of the environmental factors in genetic studies has been
very well observed, thus identifying them as potential risk factors in GI
cancers. Although our study supports the combined effects of the risk
factors on GI cancer, a detailed investigation of genotype and phenotype
interactions are essential to sharpen the focus on risk predicting markers.
The study has its own limitations, its’ sample size does not provide signiﬁcant power to the study, but the fact that this was an exploratory study

antagonistically, wherein rs895819 increases the risk of cancer, and
rs11671784 plays a protective role against gastric cancer risk [17].
As per the in silico studies, rs895819 polymorphism is located in the
loop region of the miRNA hairpin structure and does not alter the minimum free energy, but blocks the miRNA maturation [23]. Expression of
mir-27a was hindered by the presence of mutant genotypes proving that
the presence of the SNP negatively affects the expression of miR-27a.
This might be because of the SNP being centrally located in the terminal loop decreasing the size of the loop and affecting the binding of
DORSHA which reduces the maturation of miR-27a [15].
Despite the mounting evidence for the functionality of the SNP, its
association with cancer risk is highly debated due to contrasting results
obtained across various diseases and ethnicities. The SNP was found to
play a protective role against familial breast cancer in a cohort from
Germany; this was probably the ﬁrst study to bring out the protective role
of this SNP [24]. Similarly, the G allele was associated with decreased
risk of cervical cancer [25] and breast cancer [26] in different Chinese
populations. However, a different scenario was presented with other
studies which have stated that rs895819 confers an increased risk of
cancer on its carriers. Sun et al. conducted an elaborate study to investigate the role of the polymorphism in gastric cancer and the effect of the
SNP on its targets. The study revealed that the SNP elevated the levels of
miR-27 which downregulated the expression of Zinc ﬁnger and BTB
domain containing 10 gene (ZBTB10) which controls genes responsible
for gastric cancer angiogenesis and survival like Sp proteins and
Sp-dependent genes [15]. The SNP also increased gastric cancer susceptibility in a Romanian population [27]. Xu and his group have reported a similar role of the SNP in CRC patients from a North Han Chinese
population. The study revealed that the polymorphism was involved in
colorectal carcinogenesis and progression with the G allele conferring an
increased risk of CRC [28]. Wang and his group also reported that the G
allele increased the risk of CRC and metastasis [29]. Similar results were
obtained from two other studies conducted in different Chinese populations [30].
The current study was attempted in order to assess the roles played by
the two polymorphisms from an Indian sub population. The analysis of
demographic and basic characteristics of the subjects showed that region
of stay, diet and diabetes mellitus were associated with GI cancers, but
revealed no inﬂuence on the association of the polymorphisms with GI
cancer. The genotyping results revealed that there were no signiﬁcant
differences in the frequencies of the genotypes and alleles. The association results showed no signiﬁcant association of the polymorphism with
increased risk for GI cancers. The same trend was observed in the subgroup analysis. These results were concordant with various studies in
colorectal and gastric cancers which showed the lack of association of the
polymorphism with disease risk in Chinese and European studies [31,
32]. All the results mentioned above bring out the three different roles
played by rs895819 polymorphism across various cancers and populations. The study reported for the ﬁrst time, the comparison of the
MAFs with other populations observed in the HapMap which revealed
that the MAF of rs895819 and rs11671784 from the current study was
similar to the American and European population respectively.
There are minimal studies present regarding the rs11671784 polymorphism and its association in human diseases. This might be due to the
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should be considered and recognised as it has shed light on the polymorphisms, frequency and association with GI cancer in the Indian
subpopulation.
MiR-27a is a vital oncogene and has excellent clinical value as a
biomarker and therapeutic target. However, the role of its polymorphisms yet remains inconclusive and requires a comprehensive study
across various populations to conclude the potential of these SNPs as SNP
biomarkers for GI risk prediction. To the best of our knowledge, this is the
ﬁrst attempt to investigate the function of mir-27a polymorphisms in GI
cancers from an Indian subpopulation.
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5. Conclusion
The study revealed that rs895819 might not directly alter the GI
cancer risk, but it will signiﬁcantly increase the risk of GI cancers along
with risk factors like diabetes mellitus, hypertension, region, alcohol
drinking, tobacco chewing, and socioeconomic status. The rs11671784
was not associated with GI cancers in our study population.
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